The essential oils of the aerial parts of Asteriscus graveolens have been studied using GC and GC-MS. Twenty-eight compounds were identified in the essential oil amounting to 94.9% of the total oil. The aerial part oils showed similar chromatographic profiles and were characterized by having a high content of oxygenated sesquiterpenes with 6-oxocyclonerolidol (66.7% ±5.5) and 6-hydroxycyclonerolidol (8.8% ±1.2) as the major components. The antifungal effect of the essential oil from A. graveolens leaves was evaluated in vitro against three phytopathogenic fungi of apples (Alternaria sp., Penicillium expansum, and Rhizopus stolonifer). The results suggest that this essential oil has fungicidal properties towards Alternaria sp. from direct contact assay at 0.2% (v/v) and to P. expansum from vapor assay tests at 80 L.
Fungal pathogens are mainly responsible for the decay of fruits and vegetables during the postharvest period [1] . Apples are now one of the most cultivated fruits in the world, with a total production of 52 million tons in 2001, according to Food and Agriculture Organization statistics [2] . However, the quality of apples deteriorates because of postharvest diseases, such as blue mold caused by Penicillium expansum, Alternaria rot caused by Alternaria species, and Rhizopus rot caused by Rhizopus stolonifer [3] .
Chemical control using fungicides appears to be the most effective way to curb the postharvest diseases of apples. However, this is not considered to be a long-term solution because of concerns associated with exposure risks, health and environmental hazards, residue persistence, and the appearance of fungicide-resistant populations of storage pathogens [4] . Other strategies have been considered to overcome the many constraints in the use of fungicides. The application of essential oils is a very interesting method for fighting postharvest diseases. The production of essential oils by plants is thought to be a defense mechanism against pathogens and pests, as they show antifungal and antimicrobial properties [5] .
The genus Asteriscus (family Asteraceae) includes eight species [6] . Asteriscus graveolens (Forssk.) Less. (syn.
Bubonium graveolens, Odontospermum graveolens or Nauplius graveolens), is an endemic aromatic plant mainly distributed in southwestern Algeria and southeastern Morocco [7] . In Saharan folk medicine, it has been used as a stomachic, for treating fever, gastrointestinal tract complaints, cephalic pains, bronchitis, and as an antiinflammatory agent [8] . A. graveolens is also used in Morocco for its antimicrobial [9] and hypoglycemic [10] properties. According to Fahmy [8] , A. graveolens essential oil has antibacterial activity against Grampositive and Gram-negative bacteria, and also showed antifungal activity against pathogenic fungi, such as Candida albicans and Saccharomyces cerevisiae.
Two studies have been published concerning the chemical composition of A. graveolens essential oil under synonyms. Fahmy et al. [8] reported the oil composition of flowering parts of Nauplius graveolens from Egypt. The major components were 6,7-dimethyl-l,5-hydroxy-3,5octadiene, -pinene, cedrenol, -phellandrene, and -himachalene. Cheriti et al. [7] have studied the chemical composition of the leaf and flower essential oils of Bubonium graveolens from southwestern Algeria. 1,8-Cineole and -cadinol were reported as the major constituents in both organs. Table 1 ) and based on GC peak areas on the apolar column (Rtx-1) except for components with identical RIa (concentration are given on the polar column) ; -= not detected ; tr = trace (<0.05%).
The main aim of this work was to evaluate for the first time the antifungal properties of this oil against phytopathogens that cause severe diseases in apples, such as Alternaria sp., P. expansum, and R. stolonifer. Another objective was to investigate the chemical composition of A. graveolens essential oil from Morocco.
Twenty-eight components were identified in the essential oils ( Table 1 ). The component concentrations (g/100 g of essential oil) were determined using the correction factors of each chemical group (i.e., the average of the response factors (RFs) from standards) according to the methodology described in experimental section. The aerial parts from six locations of Morocco showed several similarities from both qualitative and quantitative viewpoints ( Table 1) .
Five hydrocarbons (2.5%) and 23 oxygenated compounds (92.4%) were identified in the essential oil of A. graveolens, amounting to 94.9% of the total oil from the aerial parts. The aerial parts were characterized in having a high content of oxygenated sesquiterpenes (84.0%) with 6-oxocyclonerolidol 20 (66.7% ±5.5) 6-hydroxycyclonerolidol 24 (8.8% ±1.2) as the major components. Mean values (± standard deviation) followed by different letters in each row (column and line) indicate significant differences (P < 0.05) by least significant difference test (LSD).
The effects of the concentration of the aerial part oil on mycelial growth after an incubation period of 3 d for R. stolonifer and 7 d for P. expansum and Alternaria sp. at 25  2 C are summarized in Table 2 . Using poison food technique, the percentage inhibition of mycelial growth increased with increasing concentration of essential oil for all strains tested. This result suggests that the essential oil has a significant activity (P < 0.05) on mycelial growth (Table 2 ). However, data analysis showed that the antifungal activity of the same essential oil concentration against the three fungi tested also exhibited a significant difference (P < 0.05) except for an oil concentration of 0.2% for P. expansum and R. stolonifer, which did not differ significantly. The essential oil of A. graveolens inhibited the growth of all strains in a dose-dependent manner. It was clear that Alternaria sp. showed a strong sensitivity to A. graveolens essential oil at low concentrations. The inhibition rate reached 72.11% at 0.025% (v/v), and 100% at 0.2% (v/v), indicating that this latter concentration was the minimal inhibitory concentration (MIC) of A. graveolens oil against Alternaria sp. ( Table 2 ). The essential oil also showed relatively effective antifungal activity against P. expansum. The percentage of inhibition was moderate: 56.58% at 0.025% (v/v), which increased to 74.63% at 0.2% (v/v), while R. stolonifer had some resistance to the essential oil at low concentrations (10.74% at 0.025%). This low efficiency of the essential oil at this concentration may be because R. stolonifer had this concentration in its normal metabolism. However, at 0.05% (v/v), the action of the oil was moderate (31.29%) and had a significant effect at high concentrations (74.3% at 0.2% (v/v)).
Moreover, it is important to know the fungitoxic nature of the essential oils at 0.2% of Alternaria sp. Indeed, the transfer of a mycelial disk of the plate containing a PDA medium and 0.2% of the essential oil on fresh PDA (without oil) showed that no growth had developed after an incubation period of 7 d, suggesting a fungicidal effect of Asteriscus graveolens essential oil on Alternaria sp. at 0.2% (v/v).
In addition, the variation in mycelial growth of Alternaria sp. was also studied as a function of incubation time for Table 3 ). Examination of the data in Table 3 showed that an increase in mycelial growth occurred with increasing incubation time, and reduced with increasing concentration of the essential oil. From the third day, the fungal strain Alternaria sp. began to develop in a slow and quasistationary concentration at 0.1% (v/v), whereas at a concentration of 0.2% (v/v), no growth was reported from the first day. This result confirms the fungicidal effect of the essential oil at 0.2% (v/v).
The results of the effect of the essential oil on the mycelial growth of the three strains after an incubation period of 2 d for R. stolonifer and 6 d for P. expansum and Alternaria sp at 25  2 C are summarized in Table 4 . The data indicate that the percentage inhibition increases with increasing quantity of essential oil for all the phytopathogenic fungi tested, suggesting that the essential oil of A. graveolens inhibited the growth of all strains in a dose-dependent manner. In addition, the essential oil possessed a significant antifungal activity on the mycelial growth of all strains (P < 0.05). This activity was more pronounced for P. expansum, where the percentage of inhibition increased to 59.36% at 10 L, reaching a maximum of 100% at 80 L, suggesting that this strain was the most sensitive to the essential oil, and indicating that this quantity was the minimal inhibitory quantity (MIQ) of A. graveolens oil against P. expansum ( Table 4 ). The action of the oil was pronounced for Alternaria sp., as the percentage of inhibition was moderate at 10 L, and then increased with increasing concentration, being effective at 160 L (72.29%), while R. stolonifer had some resistance to the essential oil, and its action was moderate for all concentrations tested.
Transferring mycelial discs completely inhibited by P. expansum (80 and 160 L) on fresh PDA medium showed no growth after an incubation period of 6d, indicating that the quantity of 80 L was the minimum fungicide or lethal quantity (QML), which coincided with the MIQ. It is clear that the volatile compounds of A. graveolens significantly reduced the diameter of the fungal colonies. We also noted that no growth was observed on the first day using quantities of 80 and 160 L, justifying the fungicidal character of the volatile fraction of A. graveolens at 80 L. Mean values (± standard deviation) followed by different letters in each row (column and line) indicate significant differences (P < 0.05) by least significant difference test (LSD).
The increasing social and economic implications caused by fungi means that there is a constant striving to produce safer food crops, and to develop new antifungal agents.
Recently, interest has focused on the development of safer antifungal agents, such as plant-based essential oils and extracts, to control phytopathogens in agriculture [11] .
In this study, the reduction of the mycelial growth of colonies in the presence of the essential oil of A. graveolens showed that it effectively controlled all the fungi tested. This efficiency can be explained by the presence of active molecules that inhibited the growth of the three phytopathogenic fungi. We believe that the antifungal properties of the essential oil of A. graveolens are associated with the high content of oxygenated sesquiterpenes, especially the major components 6oxocyclonerolidol 20 and 6-hydroxycyclonerolidol 24.
Indeed, previous studies have reported that sesquiterpenic alcohols, such as intermedeol, -eudesmol, rosifoliol, -cadinol, nerolidol, and -bisabolol possess antifungal activities [12] [13] [14] [15] . Indeed, Mann et al. [16] has confirmed the fungitoxic action of these molecules against pathogenic fungi. It is also possible that other components may be involved in some type of synergism with other active compounds [17] . Alilou et al. [18] reported that the essential oil of Bubonium imbricatum possesses antifungal activity against three strains of phytopathogenic fungi: Penicillium digitatum, P. expansum, and Botrytis cinerea. This activity is attributed to thymol isobutyrate, which is the main constituent of the essential oil. Thus, it seems possible that monoterpenic esters may interfere with cell wall enzymes, such as chitin synthase/chitinase as well as with the and -glucanases of fungi [19] .
Finally, the essential oil of A. graveolens was found to be an effective antifungal against Alternaria sp, P. expansum, and R. stolonifer from in vitro assays, and, therefore, can be exploited as an ideal treatment against disease rot of apples or as a new potential source of natural additives for the food and/or pharmaceutical industries. However, the influence of essential oil or bioactive compounds on flavor and aroma of apples was not investigated and further work should be conducted to purpose the use efficiency of oil components in real applications such as fumigant. Injector and detector temperatures were maintained at 280 °C. Samples were injected in the split mode (1/50) using helium as carrier gas (1 mL/min); the injection volume of pure oil was 0.1 μL. Retention indices (RI) of compounds were determined relative to the retention times of series of n-alkanes (C5-C30), using the Van den Dool and Kratz equation [20] .
GC-MS analysis:
Samples were analyzed with a Perkin-Elmer Turbo mass detector (quadrupole), coupled to Perkin-Elmer Autosystem XL chromatograph equipped with Rtx-1 and Rtx-wax fused-silica capillary columns. The carrier gas was helium (1mL/min), the ion source temperature was 150°C, the oven temperature was programmed from 60 to 230 °C at 2 °C/min and the held at 230 °C for 35 min, the injector was operated in the split (1/80) mode at a temperature of 280 °C, the injection volume was 0.2 μL of pure oil, the ionization energy was 70 eV, EI/MS were acquired over the mass range 35-350 Da.
Identification and quantification of essential oil constituents:
The identification of the components was based on: (i) A comparison between calculated retention indices on polar (RIp) and apolar (RIa) columns with those of pure standard authentic compounds and literature data [21, 22] ; (ii) A comparison of Mass Spectra with those of our own library of authentic compounds and with those of commercial library [22, 23] .
The quantification of essential oil components was carried out using the methodology reported by Costa et al. [24] and modified as follows. Response factors (RF) of 29 standard compounds grouped into seven chemical groups (monoterpene hydrocarbons, sesquiterpene hydrocarbons, Table 5 : Measurement of response factors (RF) of the different chemical groups (SD: standard deviation).
